The origin of the resonant structures in the spectrum of the predissociative part of the A state in the NO-Ar van der Waals cluster has been investigated. We have employed direct excitation to the predissociative part of the NO-Ar A state followed by rotational state selective ionization of the NO fragment. Velocity map imaging of the NO ion yields the recoil energy of the rotational state-selected fragment. A substantial contribution of rotational hotbands to the resonant structures is observed. Our data indicate that a centrifugal barrier as the origin of these resonances can be ruled out. We hypothesize that after the NO-Ar cluster is excited to the A state sufficient mixing within the rotating cluster takes place as it changes geometry from being T shaped in the NO͑X͒ -Ar state to linear in the NO͑A͒ -Ar state. This mixing allows the low energy and high angular momentum ͑J Ϸ 4.5͒ tumbling motion of the initially populated hotbands in the ground state NO͑X͒ -Ar complex to be converted into NO͑A , n =2͒ spinning rotation in the A state of the complex. The electronically excited spinning complex falls apart adiabatically producing rotationally excited NO͑A , n =2͒ at the energetic threshold. This interpretation indicates that the resonances can be attributed to some type of vibrational Feshbach resonance. The appearance energy for the formation of NO͑A , n =0͒ + Ar is found to be 44294.3Ϯ 1.4 cm −1 .
I. INTRODUCTION
The interaction between the rare gas atom Ar and the open shell molecule NO has been extensively studied employing crossed beam scattering experiments, 1,2 photodissociation of the NO-Ar van der Waals complex, 3, 4 and spectroscopy. [5] [6] [7] [8] [9] [10] The scattering experiments performed typically have a high collision energy ϳ500 cm −1 above the NO͑X͒ + Ar asymptote and the agreement with ab initio calculations 1, 2, 11 suggests that there is a good understanding of the interaction and dynamics involved, i.e., scattering from the repulsive part of the potential energy surface at these energies. Nonresonant photodissociation of the NO-Ar complex has been performed at a range of energies above the NO͑A͒ + Ar asymptote, typically 25-400 cm −1 . The rotational energy distribution found in the NO͑A͒ fragment peaks near the highest rotational state which is energetically accessible. This can be attributed to the rotational rainbow effect. 3, 4 However, no unambiguous conclusion could be drawn about the presence of a barrier for dissociation due to the possible presence of rotational hotbands. Spectroscopy on the van der Waals complexes gives detailed information on the ground and excited state potential energy surfaces, in particular, the bound region and the repulsive inner region of the potential energy surfaces. 10, 12 These spectroscopic studies have shown that NO͑X͒ -Ar, i.e., the electronic ground state is nearly T shaped. The A state of the NO-Ar cluster has been studied using resonance-enhanced multiphoton ͑REMPI͒ techniques [5] [6] [7] and laser induced fluorescence. 8, 13 It was found that the vibrational ground state of the electronically excited NO͑A͒ -Ar is nearly linear, however, the vibrationally excited states show a skewed T shape structure. In order to study the long-range, attractive part of the potential energy surface one needs to do an experiment that is sensitive to this part of the potential, typically 0 -50 cm −1 above the NO͑A͒ + Ar asymptote. Near threshold photodissociation of the van der Waals complex can, in principle, reveal typical features of cold collisions such as shape and Feshbach resonances.
14 Low energy scattering cross sections are usually dominated by shape resonances due to small centrifugal barriers at relatively large internuclear distances. Similar resonance-like features have been found in the NO-Ar cluster above the NO͑A͒ + Ar dissociation asymptote.
Miller was the first to report these above threshold resonances in NO-Ar cluster using ͑1+1͒ multiphoton ionization, however, no possible assignment of the peaks could be given. 15 Later, McQuaid et al. 6 and Tsuji et al. 5 also found predissociative bound-bound A ← X transitions in the NO-Ar complex, ϳ25 cm −1 above the NO͑A͒ + Ar dissociation asymptote. Previously, shape resonances were observed in the very weakly bound ͑7.1 cm −1 ͒ HF-Ne van der Waals cluster. 16 The excitation of the two-dimensional bend-stretch vibrations in the van der Waals complex can give rise to a hindered rotation of the diatom in the plane of the complex, a͒ Author to whom correspondence should be addressed. Electronic mail: chand@sandia.gov.
the so called free rotor state, which is well above the dissociation threshold. Such resonant structures were observed in the OH-Ar van der Waals complex which were coupled to the continuum through vibrational predissociation. 17 Tsuji et al. 5 employed a two-color REMPI scheme to study the NO-Ar cluster: a photon slightly blueshifted from the free NO A-X transition excites and dissociates the NO-Ar complex to produce NO in the electronic A state, NO͑A͒, and an argon atom. The NO͑A͒ molecules are subsequently resonantly ionized through the E state, using a second laser which selects a rotational quantum state, labeled n. Both the groups of Tsuji and McQuaid tentatively assigned the resonances in terms of rotational transitions to a van der Waals stretch-bend vibration combination band. Theoretically it has been shown that a ͑half͒ collision between a rare gas atom and a vibrationally excited diatomic molecule can give rise to vibrational Feshbach resonances. 18, 19 A vibrational Feshbach resonance is a resonance of a system which would turn into a bound state when the coupling between the internal degrees of freedom in the van der Waals cluster and the degrees of freedom associated with the fragments were set to zero. The coupling term in the theoretical model is introduced by an asymmetric coupling between the two orthogonal bend and stretch vibrations.
Several experiments have determined the appearance energy of NO͑A , n =0͒ + Ar from the NO͑X͒ -Ar complex. Tsuji et al. 5 reported an appearance energy for the NO͑A , n =0͒ of 44 286.7Ϯ 0.3 cm −1 . This value was obtained under the assumption that there is no contribution from rotationally and vibrationally excited NO͑X͒ -Ar clusters. Later, Parsons et al. 3 used nonresonant dissociation followed by resonant ionization to determine the distribution of the NO͑A͒ fragments into the different rotational channels, 25-400 cm −1 above the NO͑A͒ + Ar dissociation energy. They reported the appearance energy for NO͑A , n =0͒ to be 44 291Ϯ 2 cm −1 . An appearance energy of 44 294Ϯ 2 cm −1 was calculated from the well depth determined in the scattering experiments by Thuis et al. 20 The presence of rotationally hot, and higher order clusters has been a recurring subject in previous studies: Parsons et al. 3 observed possible hotband contributions. 3 Bush et al. 7, 15 reported that they could not reproduce Miller 15 spectrum by systematically varying their expansion conditions. Shafizadeh et al. 8 showed that there are clear broad underlying features in the spectra which they attribute to larger complexes. Understanding the effects of rotational hotbands upon the dissociation dynamics underlies the discrepancies in the threshold measurements. In general, it is very difficult to produce a molecular beam solely consisting of NO͑X͒ -Ar͑PЈ = 0.5͒ complexes, where PЈ is the projection of the total rotational angular momentum JЈ on the NO-Ar axis. 10 In this study we combine the double-resonant dissociation/ionization approach of Tsuji with velocity map ion imaging of the products. 21, 22 The high selectivity of the E ← A spectroscopy combined with the determination of the kinetic energy of the products makes it possible to determine the contributions of rotationally excited states of the NO͑X͒ -Ar cluster. We report the first measurement of the velocity distribution of the NO͑A͒ product molecules following excitation to the predissociative resonances.
II. EXPERIMENTAL
The molecular beam consists of NO seeded in argon and neon and is expanded through a homebuilt piezo valve with an orifice of 1 mm. 23 The molecular beam is singly skimmed by a 700 m skimmer 50 mm downstream of the piezo valve. The backing pressure, timing of the piezo valve and the seeding fraction were optimized on the observed resonances of the A ← X transition. A mixture of 2% NO, 48% Ar, and 50% Ne was used, with a stagnation pressure of 2 bars. These conditions were found to give the sharpest rings in the ion images.
The second harmonic of the seeded Nd:YAG ͑yttrium aluminum garnet͒ is used to pump a Spectra Physics Sirah dye laser ͑0.03 cm −1 bandwidth, 30 Hz͒ to produce light around 620 nm which is mixed with the third harmonic of the seeded Nd:YAG laser ͑0.0003 cm −1 bandwidth͒ yielding light around 225.78 nm. This laser light excites the NO͑X͒ -Ar complex above the NO͑A͒ + Ar dissociation energy. Part of the second harmonic of the seeded Nd:YAG is split off to pump a second dye laser, the Lambda Physik Scanmate 2 ͑0.8 cm −1 bandwidth͒, to produce light around 600 nm to excite the E ← A transition of the NO͑A͒ products. This probe laser light selectively ionizes a specific rotational state of NO͑A͒. The wavelength of the pump laser was determined using a wavemeter. Both laser beams are focused to ϳ200 m to ensure a good velocity resolution in the ion images. The velocity resolution is optimized by doubleresonant ionization ͑X → A → E → ion͒ of free NO entrained in the molecular beam and then imaging the NO + onto the detector in a manner that gives the smallest image, 4 pixel ͓full width at half maximum ͑FWHM͔͒. The velocity resolution is measured to be ϳ7 m/ s pixel. For a ͑1+1Ј͒ REMPI transition in the NO molecule the recoil energy of the electron is close to this velocity resolution. The repeller and extractor are spaced 40 mm apart and placed at a 110 V difference. A third electrode at 30 mm from the extractor is used to focus the ions onto the micro-channel-plate ͑MCP͒. The MCP is shielded from the third electrode by an additional, grounded electrode, placed 30 mm from the third electrode. The total length of the time-of-flight ͑TOF͒ tube amounts to 650 mm and results in a total TOF of 14.33 s for the NO ions. The typical voltages employed are the repeller at 500 V, the extractor at 390 V, and the lens at 300 V. The output of the phosphor is imaged on a charge-coupled device camera ͑LaVision 640ϫ 480 pixels͒, to record the position of the NO ions. When taking data, a pair of polarizers in combination with a / 2 plate is used to control the intensity of the dissociation laser such that only a few background NO ions per shot are made when only the dissociation laser is present. The ionization laser is spatially overlapped with the dissociation laser with a temporal delay of 12 ns. The observed kinetic energy distributions and angular distributions of the NO ions were found to be independent of the temporal delay between the pump and the probe laser. Typically around ten ions are made per laser shot. To obtain good data images typically a background image and signal plus background image are averaged for 20 min before subtraction.
III. RESULTS AND DISCUSSION

A. Pump laser dissociation spectra
The laser excitation scheme is depicted in Fig. 1 . A photon, blueshifted from the bare NO A-X transition, dissociates the NO͑X͒ -Ar cluster to produce NO in the electronically excited A state and an argon atom. The NO͑A , n͒ fragment is subsequently resonantly ionized through the E state by a probe laser, which selects a single rotational quantum state, labeled n. To distinguish between the quantum numbers of the bare NO molecule and the NO-Ar cluster we follow Kim et al. 10 and use small letter n to label the rotational states of the bare NO͑A , n͒ molecule.
In Fig. 2 we show three pump laser dissociation spectra, labeled with n = 0, 1, and 2, in which the pump laser is scanned and the probe laser was fixed at a particular wavelength to ionize a specific rotational quantum state of the NO͑A , n͒ fragment. The fourth spectrum in Fig. 2 was taken with only the pump laser present. Very sharp lines are observed in Fig. 2 and they are attributed to ionization of NO͑X , n͒ molecules from the thermal background by the pump laser only. These sharp lines have no dependence on the probe laser and their frequencies and intensities correspond well with the frequencies and intensities found by Tsuji et al. 5 The energy of the pump photon is used as the horizontal axis of Fig. 2 and was calibrated using a wavemeter. Both NO ͑A 2 ⌺ + ͒ and NO ͑E 2 ⌺ + ͒ belong to Hund's case B angular momentum coupling scheme where the spin angular momentum is decoupled from the internuclear axis. The good quantum number for the NO͑A͒ and NO͑E͒ electronic states is n = j Ϯ 1 / 2.
The resonant structures between the sharp lines have a pump-probe dependence and originate from NO-Ar clusters. These broadened peaks have a FWHM of about ⌬ =2 cm −1 . It is unclear from previous studies what the exact origin of these above threshold resonances is, although Tsuji et al. 5 assumed a centrifugal barrier. In the following sections we will analyze and discuss ion images taken at various combinations of pump and probe wavelengths to reveal the origin of the above threshold resonances.
B. Ion imaging
Ion imaging measures the kinetic energy and the angular distribution of the produced NO͑A , n͒ fragment by imaging its velocity. Because of the conservation of energy and linear momentum, the NO͑A , n͒ fragments originating from dissociation of the NO-Ar cluster will show up as a ring in the ion images. Because of the experimental geometry with the polarizations of pump and probe lasers parallel to the detector plane the experimental two-dimensionally projected velocity map ion images can be inverted to three-dimensional ion images using Abel-inversion techniques. Figure 3 shows three Abel-inverted images with the pump laser set at a fixed wavelength, labeled as transition 7 in Fig. 2 , and the probe laser set at three different rotational states of the NO͑A , n͒ P'=0. fragment, n = 0, 1, and 2. In Fig. 4 we present similar images with the pump laser fixed at a wavelength labeled as transition 5 in Fig. 2 .
The NO + ions, produced by ionization of NO͑A , n͒ fragments from dissociation of the NO͑X͒ -Ar cluster, appear as a clear ring in the ion images of Figs. 3 and 4. We do not believe that there is a substantial contribution of NO͑A , n͒ fragments from dissociation of larger NO -Ar m ͑m Ͼ 1͒ clusters. At these near threshold energies with such a small amount of excess energy it is not possible to break an Ar-Ar van der Waals bond but excitation of rotational and vibrational states of a Ar m cluster would give rise to lower velocity NO fragments. Moreover, this would give rise to a continuous distribution of NO͑A , n͒ fragments with lower recoil energies, i.e., dissociation of larger NO -Ar m ͑m Ͼ 1͒ clusters would give intensity inside the ring. We do not observe such a background at low kinetic energy and therefore we believe the contribution of NO͑A , n͒ fragments from dissociation of NO-Ar m ͑m Ͼ 1͒ clusters is negligible.
Comparing the images in Figs. 3 and 4 for different final rotational states n = 0, 1, and 2 we observe that the amount of kinetic energy is clearly smaller when more energy is distributed as rotational energy in the NO͑A , n͒ fragment. This is reflected by the smaller diameter of the ring in the ion images with increasing rotational level n. Conservation of energy and linear momentum dictates that the total kinetic energy of the dissociation, E kin,tot , can be extracted from the experimentally determined kinetic energy of NO͑A , n͒ fragment as follows:
͑1͒
The appearance energy, E app , the minimal energy required to observe NO͑A , n =0͒, can now be calculated using the following relation: E int,cluster + E pump photon = E kin,tot + E rot,NO͑A,n͒ + E app . ͑2͒
In this experiment we measure E kin,tot , at a known pump photon energy, E pump photon , for a selected final rotational state of the NO͑A , n͒ fragment with rotational energy E rot,NO͑A,n͒ . This means that the two unknown energies in Eq. ͑2͒ are E int,cluster and the appearance energy E app .
Equation ͑2͒ is solved for each detected NO͑A , n͒ rotational state as follows. First the total kinetic energy was extracted from the ion images for the three rotational fragment channels NO͑A , n =0,1,and2͒, at eight different dissociation energies E pump photon , which are listed in Table I in the column labeled E kin,tot,peak . Assuming now that the NO͑A , n =0͒ fragments result from dissociation of NO͑X͒ -Ar clusters with the smallest amount of internal energy we calculate E app for the n = 0 rotational channel using Eq. ͑2͒ with E int,cluster = 0. The velocity of the rising edge of the velocity distribution corresponds to the minimal kinetic energy of a particular NO͑A , n =0͒ channel. Higher velocities are attributed to NO formed from a rotationally hot cluster. After we do this using all measured values for n = 0 transitions we find that our value of the appearance energy means that peaks 1, 2, and 4 of Fig. 2 are hotband transitions. We therefore recalculate the appearance energy using only the n = 0 transitions that do not arise from hot bands. This calculation gives us a value of E app = 44 294.3Ϯ 1.4 cm −1 . The width of the kinetic energy distributions is listed in Table I 44 286.7 cm −1 would have the consequence that the slowest NO ions would have a kinetic energy which is approximately 7 cm −1 higher than our observation. The appearance energy, E app , is assumed to represent the dissociation of a NO͑X͒ -Ar cluster from the rotational ground state, PЈ =1/ 2, with PЈ the projection of the total rotational angular momentum JЈ on the NO-Ar axis. In a joint theoretical and experimental study of lower bound states of NO͑X͒ -Ar, the PЈ = 1.5 state was found to have an energy of 3.5 cm −1 and the PЈ = 2.5 state was found to have an energy of 10.6 cm −1 above the PЈ = 0.5 state. 10 The rotational constant of the JЈ manifold for the NO͑X͒ -Ar cluster is approximately 0.07 cm −1 . 7 The JЈ level spacing of NO͑X͒ -Ar is small compared to the energy resolution of our ion imaging detector and cannot be resolved. A small increase in the width of the kinetic energy distribution can be observed with increasing excess energy, which is attributed to the fact that more JЈ levels contribute to signal at higher excess energy, see Table I .
Using the value of the appearance energy E app = 44 294.3 cm −1 , the minimal values of E int,complex can be calculated for all NO͑A , n =1,2͒ fragment channels by energy conservation using Eq. ͑2͒. These values are also listed in Table I . A positive value of E int,complex indicates a surplus of internal rotational energy, which means that the transition originates from an excited rotational state in the NO͑X͒ -Ar cluster. A surplus of 3.5 cm −1 indicates that the transition energetically is capable of originating from the NO͑X͒ -Ar PЈ = 1.5 level and a surplus of 10.6 cm −1 indicates that the transition is energetically capable of originating from the PЈ = 2.5 level. Excess energy on the order of 3 -5 cm −1 are observed for production of some of the NO͑A , n =2͒ products.
The internal energies listed in Table I suggest that mainly the rotational levels PЈ = 0.5 and 1.5 of the NO͑X͒ -Ar van der Waals cluster are present in the expansion. On average the total internal energy is found to be ͗E int,complex ͘Ϸ1.8 cm −1 . Assuming a rotational constant of the NO͑X͒Ar cluster of 0.07 cm −1 this corresponds to a rotational quantum number of the cluster of about JЈ max 4.5. The centrifugal barrier height related to this rotation level can be estimated with
with as the reduced mass of the NO-Ar cluster and r as the distance between the center of mass of the NO molecule and the argon atom. r is assumed to be 3.6 Å, the equilibrium distance of the NO͑X͒ -Ar cluster. The barrier height found for the J = 4.5 rotational level is E barrier Ϸ 1.8 cm −1 . In Table I we observe that the kinetic energy of the departing NO͑A , n͒ molecule ranges from 7.7 cm −1 at the transition labeled 3 -17.1 cm −1 at the transition labeled 8. This kinetic energy is significantly larger than the estimated centrifugal barrier energy of 1.8 cm −1 , and indicates that the observed resonance structures do not originate from a centrifugal barrier.
C. Rotational state distribution spectra at a fixed dissociation wavelength
To determine the exact distribution of the excess energy over the rotational degrees of freedom of the NO͑A , n͒ ions, the dissociation laser was kept fixed at a selected resonance and the probe laser was scanned over the NO͑A , n =0,1,and 2͒ levels. For the pump resonances labeled 4 and 7, these spectra are shown in Fig. 5 . The distribution of excess energy over the rotational degrees of freedom of the NO͑A͒ molecule are listed in Table II . The excess energy is defined as the photon energy of the dissociation laser minus the appearance energy. Transitions labeled 4-8 show a clear contribution of NO͑A , n =2͒.
However, the energetics show that these NO͑A , n =2͒ molecules are produced with more translational energy than expected implying they are formed from rotationally hot NO-Ar clusters, they have a positive E int,cluster . Additionally we note that they appear at the energetic threshold for their FIG. 5 . Spectra taken with the dissociation laser fixed at the indicated resonance. ͑a͒ Transition 7 and ͑b͒ transition 4. The probe laser was scanned over the indicated rotational resonances n =0, n = 1, and n =2.
production, peak 4 in Fig. 2 is at 44 304 cm −1 . These two observations give us a clue to how the NO͑A , n =2͒ molecules are formed.
The observation that they appear at their energetic threshold implies that they cannot be formed by impulsive dissociation of a cold NO-Ar cluster. If a nonrotating NO-Ar cluster were to dissociate and in doing so creates an excited state NO͑n =2͒ molecule then some energy would have to go into translational recoil energy of the NO and Ar. A simple impulsive model shows that in order to deposit 12 cm −1 of rotational energy into the NO approximately 20 cm −1 of energy must be deposited into translational recoil energy. 24 This implies that if impulsive dissociation produced the molecules in the n = 2 rotational state one should not observe the NO͑A , n =2͒ molecules at the energetic threshold but about 30 cm −1 above the threshold, near 44 324 cm −1 in Fig. 2 . The observation that the n = 2 products have positive values of E int shows that they are formed with only slightly more excess energy, 3 or 4 cm −1 , than the n = 0 NO. This implies that they are not formed from PЈ = 2.5 hotbands in the NO͑X͒ -Ar cluster. It means the NO is not spinning in the NO͑X͒ -Ar cluster and the NO͑A , n =2͒ is not formed by impulsive dissociation.
In the following we hypothesize about the mechanism which produces the NO͑A , n =2͒ molecules after excitation to the A state of the complex. Following electronic excitation there is sufficient mixing within the rotating cluster as it changes geometry from being T shaped in the NO͑X͒ -Ar state to linear in the NO͑A͒ -Ar state that only total energy, E, and total angular momentum, J, are good quantum numbers within the excited cluster. This mixing allows the low energy high angular momentum tumbling motion of the ground state NO͑X͒ -Ar complex ͑JЈ = 4.5 on average͒ to be converted into NO spinning motion ͑P = 2.5 or greater͒ in the A state of the complex. This spinning complex then falls apart adiabatically producing NO͑A , n =2͒ molecules at the energetic threshold. This indicates that the resonances can be attributed to some type of vibrational Feshbach resonance. Better calculations of the NO͑A͒ -Ar potential and dissociation dynamics are clearly needed to better understand the NO͑A , n =2͒ production.
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D. Angular distribution
Besides the radial distribution of the ion images the angular distribution also gives information about the long lived complexes, see Figs. 3͑e͒ and 4͑e͒. The argon atom in the NO-Ar complex lifts the cylindrical symmetry of the NO ⌸ state. This effect gives rise to two potential energy surfaces AЈ and AЉ, which have an energy splitting of about 2.7 cm −1 , in which the AЉ state is the lowest in energy. 7 The AЉ surface is the state in which the unpaired electron occupies an orbital perpendicular to the plane of the complex and for the AЈ state the unpaired electron occupies an orbital parallel to the plane of the complex. The NO͑A͒ -Ar state originates from NO͑A , 2 ⌺͒ and only has AЈ symmetry. The NO͑X͒ -Ar AЈ to NO͑A͒ -Ar AЈ transition is parallel which results in a cos 2 ͑͒ distribution of the NO͑A͒ fragments, with ␤ = 2 in the limit of fast axial recoil. The NO͑X͒ -Ar AЉ to NO͑A͒ -Ar AЈ transition, however, is perpendicular and leads to a sin 2 ͑͒ distribution of the NO͑A͒ fragments, with ␤ = −1 in the limit of fast axial recoil. The ion images of the NO͑A͒ fragment all show an anisotropic angular distribution with the intensity near the equator, indicative of a perpendicular transition, see Table I . There can be several explanations for this behavior. The transition could be via a parallel transition but the extreme bending associated with the change from T shaped to linear in the excited state causes the angular distribution to appear with a negative beta parameter. Another explanation is that the transitions giving rise to the resonant structures originate only from the AЉ NO͑X͒ -Ar potential energy surface. The decrease in the anisotropy parameter can be attributed to the lifetime of the NO͑A͒ -Ar complex. The inhomogeneously broadened peaks in the action spectrum, see ͪ.
͑4͒
In the limiting case that → 0, ␤ = −1 corresponding to a prompt perpendicular dissociation. The reduction of the anisotropy parameter listed in Table I corresponds to a product of around 0.75, corresponding to a lifetime of 13 ps which is consistent with the linewidth of the transitions. Although this model is too simple to represent a definitive explanation, the reduction in the anisotropy and the order of magnitude of the lifetime needed for this reduction corresponds with an estimate of the lifetime derived from the line widths in the action spectra. 
IV. CONCLUSION
We have employed direct excitation to the predissociative part of the NO-Ar A state followed by rotational state selective ionization of the NO fragment. Velocitymapped ion imaging of the NO ion yields the recoil energy of this rotational state-selected fragment. The appearance energy for the formation of NO͑A , n =0͒ + Ar is found to be 44 294.3Ϯ 1.4 cm −1 . A substantial contribution of rotational hotbands to the resonant structures is observed. The origin of the resonant structures in the spectrum of the predissociative part of the A state in the NO-Ar van der Waals cluster has been investigated and the resonances are attributed to Feshbach resonances involving bend and stretch of the NOAr͑A͒ complex. The NO ͑n = 0, 1, and 2͒ fragment velocities, obtained from analysis of the images, indicate that a centrifugal barrier is not responsible for the origin of the resonance transitions and that the n = 2 products come from more rotationally hot clusters than does the n = 0 fragments. The linewidth of the peaks observed in the action spectra and the decrease in the anisotropy of the fragments, are consistent with inhomogeneous broadening where each underlying transition has an estimated lifetime of the excited NO͑A͒ -Ar cluster of about 13 ps.
